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Abstract 21 
 22 
This paper presents a pragmatic framework to inform stakeholders about the 23 
sustainability of canteen meals. The framework consists of four parts: (1) an 24 
ecological scoring system, based on life cycle assessment results, to score the 25 
ecological impact of meals or their components, from which the customer can select 26 
to compose a meal; (2) a nutritional scoring of meals based on meeting nutritional 27 
criteria; (3) a scoring system to assess the efforts undertaken by the canteen 28 
suppliers with regard to sustainable production and management and (4) collected 29 
information on relevant topics in food sustainability not covered in previous parts. The 30 
framework has furthermore been customized for and applied to the canteen of Ghent 31 
University. In light of part 1, several methods to characterize the environmental 32 
impact of food products were benchmarked, pinpointing the ecological footprint, the 33 
amount of land needed for production and to sequester CO2, as most appropriate 34 
one. Moreover, the ecological footprint of harvested fish was newly characterized as 35 
amount of land indirectly needed for their growth in nature. This highlighted the much 36 
lower (2-15 times) ecological footprint of aquaculture than caught fish products, 37 
according to this method. The ecological scoring system was consequently based on 38 
the ecological footprint but also the carbon footprint due to its relevance, covering the 39 
discrepancy between meat, with relatively higher carbon footprint, and caught fish 40 
products, with relatively higher ecological footprint. Besides a promotion of more 41 
sustainable meals, following guidelines and conclusions were derived: (1) the 42 
ecological impact depends on more than just the main component, e.g. frying oil 43 
contributes the most to the ecological footprint of fries, and type of food, e.g. a 44 
portion ‘pangasius orientale’ (fish), has an about 30% lower ecological footprint than 45 
a portion ‘ratatouille vegetables’ (vegetarian); (2) lower salt content, which can mount 46 
up to >80% for a meal, to improve nutritional value and (3) provide a variety of 47 
portion sizes because nutritional demand varies. Although further improvement is 48 
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needed, the framework is prominent because of the better characterisation of 49 
environmental impact, its pragmatic coverage of various sustainability aspects 50 
through its four parts, feedback to all stakeholders and its easiness of application for 51 
a manifold of meals. 52 
  53 
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Graphical abstract 54 
 55 
 56 
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1. Introduction 58 
The environmental impacts of many food production systems are well studied. 59 
Research has illustrated the contribution of food production to the overall 60 
environmental impact of human activities (Nemecek et al., 2016; Pelletier, 2015; Sala 61 
et al., 2017). For example, Huysman et al. (2016) showcase that up to about 30% of 62 
the resource impact of a EU-citizen is related to his or her food consumption. The 63 
main societal “function” of food is to fulfil biological needs related to nutrition. To 64 
consider this benefit besides damage of production, the nutritional effect of food on 65 
human health is also ideally assessed in a holistic environmental sustainability 66 
assessment (Nemecek et al., 2016; Pelletier, 2015). 67 
Research on environmental sustainability of food originally mainly focused on 68 
selected single defined products or ingredients (Nemecek et al., 2016). Considering 69 
the broad dietary level, the selection of an adequate diet, respecting the dietary 70 
guidelines for nutritionally adequate diet, would reduce the environmental impact in 71 
the developed countries, according to several studies (Nemecek et al., 2016). 72 
However, besides adherence to a defined diet, often consumers need to choose 73 
among different meals or its meal components, for example choosing between 74 
mashed potatoes or fries as a carbohydrate component when taking a serving in a 75 
canteen. The latter selection is becoming increasingly important given the fact that 76 
population worldwide is increasingly consuming food out of home (Lachat et al., 77 
2012; Nemecek et al., 2016; Sturtewagen et al., 2016). As such customers may 78 
request information about both the nutritional value and the environmental 79 
sustainability of canteen meals and meal components. Few such studies have been 80 
conducted (Heller et al., 2013; Nemecek et al., 2016; Sturtewagen et al., 2016). 81 
For canteens, it is a challenge to work out a feasible policy, providing adequate 82 
information to the customers, i.e. potential consumers, but also to their suppliers on 83 
the environmental sustainability of the composite meal or individual meal 84 
components and to provide a stimulating improvement to evolve to a more healthy 85 
and environmentally sustainable food service. The main challenges seem to be the 86 
lack of information or data, complexity of the sustainability topic and lack of tools that 87 
are standardized (irrespective if it is achievable), user-friendly and have relatively 88 
easily graspable outcomes. These issues are discussed by Caputo et al. (2017) and 89 
Price et al. (2017). Menu labelling can also act as a key communication tool between 90 
operator and consumer, and is important for the establishment of a relationship to 91 
foster trust (Price et al., 2016). Besides communication towards costumers, also 92 
communication to the suppliers of the canteen seems also relevant to inform them 93 
about sustainability aspects of their production and to allow them to interpret scores, 94 
argue why other suppliers have been selected and discover possibilities for 95 
improvement. A transparent communication with suppliers is also considered to 96 
facilitate needed information or data sharing.  97 
The focus of this study is on frameworks for canteens to support such a needed 98 
(Nemecek et al., 2016) policy or policy change. Such studies have already been 99 
performed (Benvenuti et al., 2016; Jungbluth et al., 2015; Pulkkinen et al., 2015; 100 
Ribal et al., 2015; Spaargaren et al., 2013). For an overview of these studies and 101 
their main characteristics, please see table S1 in Supporting Information (SI). They 102 
all have different foci and related strong aspects and shortcomings. Three major 103 
ones, that have been addressed in this work, are here shortly identified. First, the 104 
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respective studies all provide a flow of information to the canteen itself but none of 105 
them provide information to both suppliers and customers through scoring or 106 
labelling. Pulkkinen et al. (2015) though discuss that the customer gave positive 107 
response to climate labelling in a restaurant setting. Hoefkens et al. (2012) report, for 108 
the specific university canteen studied in our work, that nutrition labelling may be 109 
used by the customer but that the presentation format of nutrition information plays a 110 
crucial role. Besides, it is relevant not only to inform about and guide the consumer to 111 
choose the more environmentally sustainable meal but also to inform and guide the 112 
canteen and its suppliers to provide such meals, even from the customers’ viewpoint, 113 
as discussed by Spaargaren et al. (2013) in case of a university canteen. Second, 114 
the discussed five studies quantify/score the environmental impact through one or 115 
two methods, mainly carbon footprint which expresses climate change effect of 116 
greenhouse gas emissions, without a thorough consideration of other environmental 117 
impacts or assessment methods (Castellani et al. 2017). In addition, a prudent issue 118 
is the overexploitation of species in the wild, identifying the need to characterize the 119 
impact of harvesting or catching these. Different methods have been developed to 120 
assess this impact (Langlois et al., 2014; Woods et al., 2016). However, these 121 
methods do not extend or link with existing impact methods. A major challenge is 122 
thus to do so and express environmental damage in the same unit for all products to 123 
be able to compare them, e.g. beef with salmon steak. In this work, hereto, the 124 
approach of Luong et al. (2015) is adapted. See Material and Methods. Third, a 125 
nutritional analysis is lacking except for two studies (Benvenuti et al. 2016; Ribal et 126 
al. 2015) which though do not present a score to customers but use it as a way to 127 
optimize served dishes regarding nutritional value.  128 
The main goal of our study was to develop an improved and relatively easily 129 
applicable framework of indicators, encompassing the necessary methodological 130 
improvements, for canteen meals. This was specifically elaborated for the canteen of 131 
Ghent University and its served hot meals. Above mentioned three issues, which are 132 
also highlighted as research gaps by Nemecek et al. (2016), are addressed in a 133 
better manner in the presented study. Furthermore, the assessment of the 134 
environmental impact of fish harvest is improved in this work. This work builds further 135 
on respective reports (Ceuppens et al., 2016; Schaubroeck et al., 2016; Uyttendaele 136 
et al., 2016a, 2016b). In the Material and Methods section, (1) an overview of the 137 
general framework is presented, (2) the general selection and improvement of 138 
environmental impact methods is provided and (3) the case study is discussed. As 139 
the final outputs are the scoring methods for the case study, these are provided in 140 
the Results and Discussion section, along with a general discussion. 141 
 142 
2. Material and Methods 143 
2.1 Overview of the framework 144 
Our developed indicator framework is presented in Table 1. These measures are 145 
then exemplified through the case study on the Ghent university canteen. 146 
 147 
Table 1. Developed framework to assess the sustainability of canteen meals.  148 
Measures of the developed framework 
Stakeholder to which the measure is 
mainly directed: 
Application 
to Ghent 
University 
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customer supplier canteen  
1. Ecological scoring of meals Yes  Yes Section 3.1 
2. Nutritional scoring of meals Yes  Yes Section 3.2 
3. Scoring of sustainability of 
suppliers 
 Yes Yes Section 3.3 
4. Info on sustainability aspects 
related to meals not covered by above 
scoring systems 
Yes Yes Yes Section 3.4 
 149 
The considered scoring systems, which result in ecological, nutritional and supplier 150 
indicators, should meet following three criteria: 151 
1. The indicator values should differ enough among the products or meals as to 152 
allow customers to differentiate between them, which facilitates them to 153 
choose differently. However, differences should be not too small because the 154 
range in uncertainty might then be too overlapping to underscore small 155 
differences in outcomes. 156 
2. The scoring shall be as simple, understandable and reliable as possible in the 157 
canteen environment (Pulkkinen et al., 2015; Spaargaren et al., 2013). To 158 
inform customer, the information must be reduced in a meaningful way 159 
(Nemecek et al., 2016). A simple score is needed to allow the customer not to 160 
have to spend relatively much time on interpreting the provided information 161 
during meal selection at the counter (Spaargaren et al., 2013). A scale or 162 
grade that is colorized and standardized is advised for food labelling 163 
regarding environmental impact, to ease the cognitive load in processing 164 
information and to make it more accessible for non-experts (Vlaeminck et al., 165 
2014). Hoefkens et al. (2012) also emphasized that in a university canteen, 166 
the one also studied in this work, the numerical information is best combined 167 
with visual aids like stars or color codes, this based on a customer survey. 168 
More detailed information can though be given through flyers on the diner 169 
tables as proposed by Spaargaren et al. (2013) or through an app (Price et 170 
al., 2017). 171 
3. The scoring systems should also be relatively easily applicable by the 172 
canteen itself based on readily available data, e.g. fact sheets provided by 173 
supplier.  174 
It is crucial to comprehend that inevitable choices, even though argued as made 175 
clear in the next sections, had to be made to meet all criteria and to thus provide 176 
scoring systems that are both policy-friendly and reasonably sound.  177 
 178 
2.1.1 Ecological scoring 179 
To assess the environmental impact of a product, Life Cycle Assessment (LCA) is an 180 
appropriate tool (Hellweg and Canals, 2014; ISO, 2006). LCA characterizes the 181 
environmental impact of certain emissions and resource extractions over a (share of 182 
a) products life cycle, encompassing e.g. raw material extraction and final product 183 
disposal. This is also a key tool in the study of the environmental impact of food 184 
products and has been extensively applied to do so (Heller et al., 2013; Nemecek et 185 
al., 2016; Pelletier, 2015; Sturtewagen et al., 2016). Easy and adequate application 186 
of LCA is though impeded by (1) the not readily available data on the exact ingredient 187 
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composition (e.g. because of confidentiality), (2) the complexity of the application and 188 
construction of the tool and (3) lack of data on supply chains (Price et al., 2017), 189 
even in databases, as can be concluded out of the elaborate data collection for the 190 
case study shown in SI section C. The exact composition is for example not obliged 191 
in Europe. Article 9 of the European regulation document EU 1169/2011 dictates that 192 
the list of ingredients should be given but that only the quantities of certain 193 
ingredients or categories of ingredients are mandatory, thus not all of them. For 194 
canteens that have readily access to the exact ingredient list with quantities (e.g. 195 
because they use non-processed ingredients), the use of a simplified LCA tool 196 
(Jungbluth et al., 2015; Pernollet et al., 2017) might be an option but then there is still 197 
the third issue, the lack of data on supply chains. To deal with all issues, a pragmatic 198 
scoring system is presented. To develop this scoring system, first, LCAs of a 199 
representative sample of meal components or meals, needs to be retrieved from 200 
literature or conducted (at best). Note that identical environmental impact 201 
assessment methods (e.g. carbon footprint) need to be used for the results to be 202 
comparable. Second, based on the LCA results, scoring intervals are then defined, 203 
the studied meal or meal components are scored, and well-associated guidelines to 204 
relatively easily score other components using available information are outlined. 205 
After development, the canteen may use the developed guidelines, the example 206 
scores for the studied meal or meal components, and the available information, to 207 
derive scores for other meals or meal components.  208 
In this case LCAs of a representative sample set have been conducted, but these 209 
LCA results can also be used for other canteens, keeping into account their 210 
limitations and specificity towards the studied case. However, first, a more crucial 211 
and general issue in LCA of food products, namely the characterization of the 212 
environmental impact through life cycle impact assessment methods, is addressed in 213 
section 2.2. 214 
 215 
2.1.2 Nutritional scoring 216 
Since the diet as a whole influences human health, it is advised to analyse complete 217 
diets and to a lesser extent an individual meal, let alone a meal component. Since a 218 
canteen does not define the complete diet we consequently consider nutritional 219 
analysis of full meals served at canteens but not of meal components nor ingredients. 220 
This implies that results need to be interpreted with care and should not be regarded 221 
as completely representative for the consumers’ nutritional health. It is imperative to 222 
grasp that a score system based on nutritional criteria does not explicitly assess how 223 
healthy meals are but just how nutritionally complete or adequate they are (Ernstoff 224 
et al., 2017). Nutritional parameters, e.g. protein content, are crucial and guidelines 225 
exist about the values they should have, e.g. lower than x g per day. Meals are in our 226 
approach scored per parameter: one penalty point is allocated for each parameter 227 
which is not in line with a predefined criterion and a nutritional score is then 228 
calculated by simply adding up all points, plus one extra, to obtain a score from 1 to 229 
x+1, with x the number of criteria. The formula for nutritional score is: 230 
Nutritional score of meal = 1 + number of nutritional criteria not met (equation 1) 231 
As brought forward in other works (Drewnowski and Fulgoni, 2008; Fern et al., 2015), 232 
the nutritional criteria can be normalized, e.g. divided by the mass or energy content, 233 
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in order to obtain criteria which are independent of the meal size and of the average 234 
consumer’s personal daily requirements. The energy demand itself can then also be 235 
multiplied with the share the meal should represent, e.g. 0.35 for a hot main meal. 236 
The parameters are not weighed, because there is no scientific consensus on a solid 237 
basis for weighing (e.g. the nutritional relevance of protein compared to fat is not 238 
fixed). This is proven by the fact that a lot of various nutritional single score 239 
approaches exist, are applied and their link with overall health is debated (Fern et al., 240 
2015; Heller et al., 2013; Salehi-Abargouei et al., 2016; Sturtewagen et al., 2016; van 241 
Dooren et al., 2017). Though other unweighted approaches exist (Drewnowski and 242 
Fulgoni, 2008; Fern et al., 2015), our approach provides a single score with integer 243 
values and allows to explicitly derive from a value how much criteria are not met, 244 
making it easily understandable and applicable (see criteria in section 2.1). The 245 
specific selection of the parameters are at minimum these that should be presented 246 
to the customer according to legislation and for which specific criteria can also be 247 
found. This also implies that certain data-demanding nutritional scoring systems 248 
cannot always be conducted because data is not readily available, which is also a 249 
reason why, here, a more simplistic system is proposed. It is also best to add colour 250 
codes to the numbers, this based on the canteen customer survey of Hoefkens et al. 251 
(2012).  252 
 253 
2.1.3 Supplier sustainability scoring 254 
In our framework, the environmental impact and nutritional analyses of the studied 255 
meal or meal component are based on specific data on composition (e.g. which 256 
ingredients and what is the total protein content) but translate these into scores using 257 
only rather generic procedures. No environmental impact analysis was made of the 258 
exact production system of the particular suppliers but that of generic production 259 
systems (e.g. European market averages were considered) though as specific as 260 
possible. Hence, additionally, a scoring system based on readily available facts (e.g. 261 
the recycling of water, if possible, on site) was needed to judge the specific 262 
sustainability of the respective suppliers and their production systems to incorporate 263 
this supplier aspect in the selection of an appropriate one for a certain meal or meal 264 
component. This supplier scoring is best developed together with the stakeholders, 265 
as done for our case study, since it depends on the information they can provide. 266 
See section 3.3.  267 
 268 
2.1.4 Additional information on sustainability aspects 269 
Finally, our developed scoring systems do not cover all aspects of sustainability that 270 
are of interest to the stakeholders and thus some supplementary guidelines and 271 
information is provided. There was for example a keen interest in the environmental 272 
sustainability of Genetically Modified Organisms (GMO) by the stakeholders in the 273 
case study but no general statement regarding whether they are more or less 274 
environmentally sustainable than alternatives is possible due to the different types of 275 
modifications, which implies case specificity. Moreover, literature points out that 276 
science, such as LCA, still falls short to address certain food sustainability topics 277 
(Nemecek et al., 2016; Notarnicola et al., 2017a; Pelletier, 2015). Associated general 278 
conclusions are by consequence difficult to draw and integration in the scoring 279 
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systems seemed not yet feasible. This information is presented in section 3.4 and is 280 
generic but only covers topics that were specifically raised by the stakeholders of the 281 
Ghent University canteen. 282 
 283 
2.2 Selecting and improving life cycle impact assessment methods for food 284 
products 285 
 286 
Characterizing the environmental impact of resource extraction and pollutant 287 
emissions over the life cycle of a product, is a main point of attention in this work. In 288 
literature often only the impact of greenhouse gas emissions of food products, via the 289 
carbon footprint, is assessed (see also table S1) (Nemecek et al., 2016; Pelletier, 290 
2015). However, Nemecek et al. (2016) clearly point out that considering merely 291 
fossil energy or greenhouse gas emissions is not sufficient to address the range of 292 
environmental impacts of food. Selecting the appropriate impact assessment method, 293 
that characterizes the impact on certain categories in a specific manner, is a difficult 294 
task and depends on the goal and scope of the study. Following criteria for selection 295 
of an impact method are used: (1) reasonably sound coverage of the most important 296 
environmental issues of the considered product group, (2) resulting in a single score, 297 
(3) the method outcome should be more easily graspable by all stakeholders and (4) 298 
extent of correlation with other impact methods, covering possibly other categories. 299 
The first three criteria are derived from, as mentioned in the objectives, the fact that 300 
the scoring systems shall be as simple, understandable and reliable as possible in 301 
the canteen environment (Pulkkinen et al., 2015; Spaargaren et al., 2013). The fourth 302 
is specific and derived from the Envifood guidelines (Food SCP RT, 2013) as 303 
specified further on. Since agricultural production is a hotspot (Nemecek et al., 2016; 304 
Notarnicola et al., 2017b), ideally, all its related aspects should be covered, incl. land 305 
use, water consumption. No ideal impact assessment method though yet exists as 306 
made clear in the next paragraphs.  307 
 308 
Four impact assessment methods were selected and compared in this study 309 
considering above three criteria. Table S8 in SI presents an overview. Due to the 310 
relevance of greenhouse gases, the carbon footprint method, which expresses 311 
impact in kg CO2-equivalents, is considered. This method covers all greenhouse 312 
gases, among which CO2, CH4 and N2O. It has been calculated as the global 313 
warming potential induced by greenhouse gases, with a 100-year timespan, and 314 
following additional characteristics: (1) accounting for CO2-emissons due to land 315 
transformation, (2) to CO2 emission of biogenic carbon no impact is assigned and (3) 316 
to biogenic methane emissions a factor of 22.3 kg CO2 equiv. kg-1 CH4 is assigned, 317 
this according to the used version of ReCiPe 1.12. However, the carbon footprint is 318 
clearly lacking in coverage of other impact types, as discussed, such as those related 319 
to agriculture production: land use, water consumption and eutrophication. Moreover, 320 
the ecological footprint (Huijbregts et al., 2008; Wackernagel, 1998; Wackernagel et 321 
al., 2005) was regarded, covering both CO2 emissions and land occupation. The 322 
ecological footprint is more easily graspable, in our opinion, especially since its unit 323 
(m2*year) refers to the amount of land occupied over time, which seems more easily 324 
linkable with food production. It does though not encompass other categories of 325 
impact (e.g. toxicity), nor other greenhouse gases besides CO2. To consider all types 326 
of resources in one approach, the Cumulative Exergy Extraction from the Natural 327 
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Environment (CEENE) v2013 method was also selected (Alvarenga et al., 2013b; 328 
Dewulf et al., 2007). A strength of it is also its assessment of land occupation (as the 329 
deprived natural primary production) (Alvarenga et al., 2013b; Swart et al., 2015), 330 
which makes it an interesting method for biomass products. Through latter approach, 331 
the impact of land occupation on ecosystem health is also characterized (Taelman et 332 
al., 2016). However, the exergy concept is difficult to comprehend, in our opinion, 333 
and no emission impacts are accounted for in the CEENE method. Furthermore, all 334 
the above mentioned methods do not express the final impact on so called endpoints 335 
(human health, natural resources and ecosystems) but only at midpoint level. In 336 
order to do so and to account for the impact through all types of emissions but also 337 
resources, the holistic method ReCiPe was also selected (Goedkoop et al., 2009) 338 
(Hierarchist v1.12). To also address water consumption in the ReCiPe scoring 339 
method, the approach of Pfister et al. (2009) was considered to quantify water 340 
consumption in terms of the ReCiPe endpoint scores, which can then be added to 341 
them. For some categories the midpoint scores were presented since the endpoint 342 
modelling was lacking. Normalisation to deliver a single score in the ReCiPe method 343 
was not done as its soundness is relatively questionable (Dahlbo et al., 2013; 344 
Schaubroeck, 2014).  345 
To characterize the environmental impact of fish harvest, Luong et al. (2015) have 346 
outlined how to extend the ecological footprint through food chain modelling. Using 347 
such modelling one can derive the amount of net primary production (NPP; the net 348 
amount of mass synthesized by primary producers that provides the basis for higher 349 
trophic levels) that is indirectly needed to grow the respective species in the wild, this 350 
ratio is called the specific primary production required (SPPR; kg NPP kg-1 species 351 
harvested) (Luong et al., 2015; Pauly and Christensen, 1995). Subsequently these 352 
SPPR amounts can be converted to biological productive land usage amounts 353 
(ecological footprint), by dividing by areal productivity (kg NPP m-2 yr-1). Moreover, 354 
this rationale has also been applied to the CEENE method, via multiplication of 355 
SPPR values with the exergy content of the NPP (Jex kg-1 NPP). Per harvested 356 
species, impact factors can thus be developed through following equations: 357 
Ecological Footprint-Impact factor for harvested species (m2*yr kg harvested species-358 
1) = SPPR (kg NPP kg-1 harvested species) / average marine productivity (1 kg NPP 359 
m-2 yr-1) * 0.36 (ratio of marine to world average productivity) (equation 2) 360 
CEENE-Impact factor for harvested species (MJoules exergy kg harvested species-1) 361 
= SPPR (kg NPP kg-1 harvested species) * exergy content of NPP (4.62 MJoules 362 
exergy kg-1 NPP) (equation 3) 363 
Marine productivity was calculated by Taelman et al. (2014) for 2012, more precisely 364 
0.11 kg C m-2 yr-1, i.e. 1 kg m-2 yr-1 based on 9 kg per kg C NPP as reported by Pauly 365 
and Christensen (1995). The ratio of marine to world average productivity was 366 
derived from the work of Wackernagel et al. (2005). Luong et al. (2015) introduced an 367 
improved methodology to quantify these SPPR factors and this was applied for the 368 
considered harvested fish species in the case study, based on the 1997 Icelandic 369 
marine ecosystem foodweb (Mendy and Buchary, 2001). Further explanation can be 370 
found in supporting information section E.  371 
Moreover, the impact assessment methods were applied to the circa 40 meal 372 
components of the case study and the correlation among the outcomes were 373 
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checked. Hence, though certain methods do not cover all aspects or categories, they 374 
might correlate well with other methods that do account for these and thus indirectly 375 
represent these. As mentioned in the Envifood guidelines: “Exclusion of impacts is 376 
allowed only when robust, substantiated and transparent argumentation is provided. 377 
A stepwise approach (screening phase and detailed analysis in order to check 378 
accuracy and improve precision) is recommended in that regard.”. To a large extent 379 
their stepwise approach has been applied in this study. It consists of: (1) identifying 380 
relevant impact categories for food, (2) considering scientific robustness and 381 
applicability and (3) considering correlation between impact categories (Food SCP 382 
RT, 2013). See the thorough correlation analysis presented in SI section F. The 383 
ecological footprint (EF), CEENE-method, carbon footprint, ReCiPe method for 384 
impact on human health and biodiversity appeared to correlate relatively best with 385 
most of the considered methods, which is of relevance for criterion 4 outlined in the 386 
beginning of this section. However, only the EF and CEENE methods were improved 387 
to better assess impact of fish harvest, covering criterion 1. Out of these two, the EF 388 
was selected as the more appropriate for food products, to base the ecological 389 
scoring system on, due to its consideration of CO2 emissions and relatively easily 390 
graspable outcome, in our opinion, addressing criteria 2 and 3. However, the results 391 
of the carbon footprint method were also taken into account, given it is often applied 392 
to food products because of the relevance of their greenhouse gas emissions 393 
(Nemecek et al., 2016; Pelletier, 2015). Multi-criteria approaches that aggregate 394 
outcomes of the different impact assessment methods (Diaz-Balteiro et al. 2016) 395 
were not applied, as their weighing can be questioned and they lead to scores that 396 
are intangible, making it difficult to grasp the impact of choosing another alternative. 397 
 398 
2.3 Description of Ghent University catering and onset of the case study 399 
 400 
The Ghent University canteen serves foremost meals to their students and staff. The 401 
considered period is the academic year 2014-2015. Concerning hot meals (about 402 
650 000 served in 2014), the customer has to choose between different meals or 403 
meal components, which can be combined into different meals. These meal 404 
components consist generally out of three types: protein (meat, fish or meat 405 
replacers; variable portion size but if unknown 120 g is assumed), starch (200 g, 406 
except 125 g for croquettes) and vegetable (200 g) components. For single meals 407 
that are not composed of different served meal components, e.g. spaghetti, a weight 408 
of 500 g is considered. Additionally, as a side dish, a soup (280 g) can also be 409 
selected. The canteen mainly stores and heats the meal or meal components or 410 
conducts final cooking steps; the chilled or frozen meal components as such are 411 
provided by the suppliers. Ghent University controls the selection of the suppliers for 412 
a certain product and performs a screening of these based on taste, costs and further 413 
criteria. Already some sustainability aspects are incorporated in the current canteen 414 
policy, e.g. products known to be produced through illegal child labour are prohibited, 415 
but a more elaborate study is needed (Uyttendaele et al., 2016a). Goals for the 416 
canteen through this study are: (1) to provide a nutritional healthy and 417 
environmentally sustainable offer of meals, (2) to better discuss and screen the 418 
sustainability of provided meals by suppliers and (3) to inform and sensitize 419 
customers about the nutrition and sustainability of the meals. Our study supports the 420 
achievement of some of these goals to some extent. For the environmental impact 421 
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and nutritional value assessment of the meals a thorough study of all the meal 422 
components provided by the canteen was not feasible due to lack of readily available 423 
data on exact ingredient composition and on the inventory, even generic, of their 424 
supply chains. Hence, the meal components served during one week of the 425 
academic year 2014-2015, 42 components in total, were studied in detail. These are 426 
listed in Table S2, in the supporting information, and shown in Figure 1. Overall, the 427 
study has been performed in close collaboration with the canteen and with input or 428 
feedback from stakeholders, suppliers and student and staff representatives. 429 
 430 
2.4 LCA methodology for the case study 431 
 432 
Using life cycle assessment (LCA), the environmental impact was assessed per 433 
served meal component portion (see section 2.3), thus, the latter serves as the so 434 
called functional unit, since these are fixed amounts and the client can choose freely 435 
among them. Other functional units that focus more on functionality, e.g. that focus 436 
on protein quality (Sonesson et al., 2017), exist but meal sizes are not altered in 437 
function of these by our studied canteen and nutritional parameters are in our 438 
framework covered through the nutritional scoring approach. As mentioned in the 439 
previous section, thorough LCAs were only conducted for 42 meal components. The 440 
studied life cycles encompass agricultural production or harvest and, if relevant, 441 
transport and processing, thus excluding consumption and end-of-life. Food losses 442 
might comprise a considerable share for a supply chain in a regular retail and 443 
consumer chain (Chen et al., 2017; Corrado et al., 2017). However, these losses are 444 
considered of minor relevance in this study since there is no final retail step (Heller 445 
and Keoleian, 2015), the loss in bones for meat is accounted for through allocation, 446 
and the consumption phase is not part of the studied life cycle, which is after all also 447 
dependent on the client. The food loss before consumption should ideally be exactly 448 
accounted for but is here not done because of lack of specific data and latter 449 
considered lack of relevance. Moreover, valorization of food waste is improving, this 450 
also with regard to environmental sustainability (Muíño et al., 2017; Salemdeeb et al., 451 
2017; Salomone et al., 2017; Willersinn et al., 2017). To obtain life cycle inventory 452 
data of the 42 studied meal components, the exact ingredient composition was 453 
obtained, this mostly confidential through suppliers, and then data on the production 454 
life cycle of these ingredients was retrieved out of databases and literature. Though 455 
assumptions are made, overall the same rules or choices are applied per food 456 
product category. A full explanation of these aspects is given in SI section C. 457 
Simapro version 8.0.5 software was used to consult and use databases to obtain 458 
production data and to assess the environmental impact through life cycle impact 459 
assessment methods. The selection and improvement of latter methods is 460 
researched in detail in this study. See section 2.2. From the LCAs of the 42 meal 461 
components, conclusions are drawn and, based on these, a general simplistic 462 
scoring system has been developed and applied to the other served hot meal 463 
components (> 200 per year), as mentioned in section 2.1. 464 
 465 
3. Results & Discussion 466 
3.1 Case study: environmental impact analysis and ecological 467 
scoring 468 
 469 
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In this section the derivation, as explained in section 2.1.1, and discussion of 470 
ecological score for the Ghent University case study is provided. In the first 471 
subsection, the LCA results of the sample week are discussed. In the second 472 
subsection, based on the LCA findings and other criteria, a specific ecological score 473 
is presented.  474 
 475 
3.1.1 Results of the LCAs 476 
 477 
Figure 1 depicts the outcomes regarding ecological footprint (EF), selected because 478 
considered the most appropriate (see section 2.2), and carbon footprint (CF), picked 479 
because of the relevance of greenhouse gas emissions for food products (Nemecek 480 
et al., 2016; Pelletier, 2015). Comparing the outcomes for these two methods also 481 
showcases the discrepancies between impact method outcomes. The outcomes of 482 
all the considered methods, are shown in the supplementary excel file and discussed 483 
in the first annex of the original report (Schaubroeck et al., 2016). Here, the most 484 
relevant findings are discussed.  485 
Concerning the improvement of the EF of caught fish, as explained in section 2.2, it 486 
is quite clear that species that are at a higher trophic level need much more net 487 
primary production per kg, i.e. having a considerably higher footprint. For example 488 
the ecological footprint per mass for cod is about 30 times that of forage fish such as 489 
capelin, similar to what was concluded in the work of Luong et al. (2015). The 490 
specific factors can be found in supporting information section E. 491 
In general, large discrepancies among products can be observed, underscoring that 492 
meal choices can have a considerable influence. The average scores of the meal 493 
groups do not differ that much except for that of soup (much lower CF of 0.048 kg 494 
CO2 eq. and EF of 0.13 m2*year per portion), meat (much higher CF of 0.64 kg CO2 495 
eq. and EF of 2.41 m2*year per portion) and fish (high EF of 5.25 m2*year per 496 
portion). Meat needs significant areas of land and its production emits considerable 497 
amounts of greenhouse gases (incl. CH4 and N2O), not only chiefly appointable to the 498 
animal metabolism but also to manure and its handling, explaining the high EF and 499 
CF results, in particular for beef. Though fish products have on average a much 500 
higher EF (> 117%), their CF is 68% lower than that of meat, which showcases the 501 
influence of the selection of an impact method. In section G of the supporting 502 
information, environmental impact of meat and fish products are thoroughly 503 
compared per kg. Moreover, there is also a large spread within each meal group. 504 
Results can differ considerably between products of the same group, e.g. as is the 505 
case for fish species as elaborated further on. Large differences in impact are also 506 
estimated among meal components of different groups. For example ‘pangasius 507 
oriental’ (produced via aquaculture) has a 29% and 72% lower EF than ‘ratatouille 508 
vegetables’ and ‘fries’, respectively. This shows that one needs to look beyond 509 
‘conventional’ classification and paradigms (e.g. fish is always worse than 510 
vegetarian) and rather to the specific product, a first relevant conclusion. 511 
Furthermore, not only the product is decisive for estimating the environmental impact 512 
but also the type of supply chain is, highlighting the need for life cycle thinking 513 
(Pelletier, 2015). This is especially of relevance for fish products, which are generally 514 
provided using two approaches: aquaculture or caught via fisheries. The adapted EF, 515 
and also CEENE, of caught fish (coalfish, cod and plaice; with higher trophic level 516 
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fish having a larger impact) are much higher, 2-15 times, than for bred fish (salmon 517 
and pangasius). >90% of the EF of caught coalfish, cod and plaice are due the 518 
ecological footprint of its production in nature, as assessed using equation 2. A 519 
considerable difference exists also between the herbivorous pangasius, fed mainly 520 
with crop-based ingredients but also with a (indirect) small amount of fish-based 521 
input, and salmon. The EF of pure pangasius fillet is only 36% of that of a salmon 522 
fillet. The salmon is fed with pellets that are 50% plant-based but also 50% fish-523 
based (see also Table S3 in SI) (Pelletier et al., 2009). Nevertheless, natural 524 
production of caught fish used in salmon feed constitutes 80% of the EF of salmon. 525 
However, latter fish-based ingredients are mainly from small forage fish, at the 526 
bottom of the food chain, and thus the ecological footprint is most probably much 527 
lower than for wild caught salmon. In fact, these differences were to be expected as 528 
human-driven or industrial animal production can be operated, as far as the authors 529 
know, more efficiently and animals are slaughtered at the optimum age 530 
corresponding to the highest qualitative meat production. This contrasts with the fact 531 
that harvested fish might be not at the optimal age, implying more inefficient 532 
production, and also their food chains might consist of more steps. The finding that 533 
the ecological footprint is considerably lower for aquaculture (compared with fishing) 534 
and herbivorous fish (compared with non-herbivorous), a second interesting finding, 535 
seems to turn the tide in favour of these. However, the limitations of the applied 536 
impact methods have to be carefully considered, e.g. not considering automatic 537 
natural regeneration or the fact that terrestrial land needed for aquaculture, mainly for 538 
feed production (Huysveld et al., 2013; Nhu et al., 2015), might be more relevant for 539 
mankind than the marine area needed for natural production of the fish. Finally, the 540 
presented approach does not directly cover biomass depletion as such, i.e. the effect 541 
of species harvest on species population is not directly assessed (Vázquez-Rowe 542 
and Benetto, 2014). However, this is indirectly done as the amount of NPP (in joules) 543 
or land that is available is limited and consequently when comparing this to the total 544 
available amounts, overconsumption can be characterized.  545 
A third relevant finding is that all the ingredients besides the main ingredient can be 546 
as important, especially if the main ingredient has a low weight share. For example, 547 
tomato concentrate has an EF similar to that of chicken meat, making its presence as 548 
relevant in ‘chicken leg ratatouille’. For ‘salmon steak gratino’, salmon only 549 
contributes a third of the carbon footprint while salmon is estimated to comprise 550 
about 80% of the weight. The rest of the carbon footprint is associated with cheese, 551 
sun dried tomatoes and oils. For fried products, e.g. fries and croquettes, the use of 552 
frying oil (0.3 kg kg-1 product) is the main reason for their high impact for both CF (at 553 
82%) and EF (at 93%) compared to other starch components, keeping in mind the 554 
lower portion size for croquettes. Regarding vegetable and fruit components, a 555 
crucial finding is that these of which a considerable global share is cultivated in 556 
greenhouses, have a considerably higher impact (e.g. tomato and green bell pepper, 557 
implying a higher impact for the respective soups). This is mainly because fossil fuels 558 
are (indirectly) burned for heating the greenhouses, leading to fossil CO2 emissions. 559 
Even though at a more local level low-carbon footprint practices might have been 560 
applied, this was not valid for the considered global market mixes. Moreover, 561 
concentrated or dried vegetables and fruits, e.g. tomato concentrate with an EF of 19 562 
m2*year kg-1, have high EFs per weight due to the particular concentration effect. 563 
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Striking is also the higher EF for the considered legume vegetables, e.g. a portion 564 
French peas has the highest EF (1.5 m2*year per portion) for all vegetables (Figure 565 
1), due to their low areal productivity (“FAOSTAT,” 2015). Of the vegetarian meal 566 
components, those with considerable amounts of animal-based products score 567 
higher since they also need animal production (e.g. cheese present in the ‘veg. 568 
apple-brie pie’ at 1.4 m2*year and the ‘pumpkin burger’ at 1.0 m2*year per portion). 569 
The EF is also higher for energy-intensively produced products (e.g. quorn) 570 
(Sturtewagen et al., 2016). To summarize, the following products besides meat and 571 
fish lead to a relatively higher score: other animal based products, oils or fats, 572 
concentrated fruit or vegetables, greenhouse vegetables and products with low 573 
productivity (e.g. peas) or energy-intensive production (e.g. quorn). 574 
Another conclusion is that the influence of portion size on the impact can be 575 
considerable, which is relevant for meat, vegetarian and fish components as these 576 
may vary considerably in weight. For other meal components this is considered to 577 
remain constant. For example, the beef in ‘Ghent stew’ has a high EF (31 m2*year kg-578 
1) but only comprises 48% of the weight. Nevertheless due to the size of the portion, 579 
250 g, it has the highest EF of all meat products at 4.1 m2*year per portion. However, 580 
per kg, cordon bleu has a 10% higher EF even though it does not contain beef. 581 
Regarding final transportation, the long transoceanic transport of about 10 000 km of 582 
pangasius only induces 6 and 19% of the EF and CF respectively, and this while their 583 
total scores are relatively low at 0.90 m2*year and 0.11 kg CO2 eq. per portion, 584 
respectively. For vegetables or fruits, transportation can comprise a considerable 585 
share of the impact (e.g. >50%). This underscores the statement of Nemecek et al. 586 
(2016) that the influence of transportation depends on the product, way of 587 
transportation and distance. Only considering the so called ‘food miles’ is a clear 588 
shortcoming. 589 
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 590 
Figure 1. Carbon footprint (CF) and ecological footprint (EF), with alteration (see 591 
section 3.1) of the 39 meal components of the considered week at the Ghent 592 
University canteen. Conventional meals are composed out of a (1) meat, fish or 593 
vegetarian; (2) a vegetable and (3) a starch component. The ecological score 594 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
17 
 
intervals are shown above the chart in green. The three full meals (“Ravioli pesto”, 595 
“Spaghetti bolognaise” and “Vegetarian spaghetti”) for which exact values have been 596 
obtained, are not presented in this figure, as they cannot be directly compared with 597 
meal components, but values are presented in the supporting information.  598 
 599 
3.1.2 A case-specific ecological scoring system 600 
As outlined in section 2.1.1, based on the findings of the LCA results and on some 601 
other criteria an ecological score system has been developed specifically for served 602 
canteen meals. The score system should be applicable to other offered meal 603 
(components) in a relatively easy manner, given the outcomes of the thorough study 604 
of 42 meal components (one week) and the amount of data that is readily available to 605 
the canteen for the other offered meal components, in this case: a component 606 
sample or picture, an ingredient list with only an exact content amount of the main 607 
ingredient and, for fish products, mentioning if they are produced via aquaculture. 608 
Some choices needed to be made, i.e. the proposed ecological score system is 609 
based on partially subjective decisions, though argued, and has its limitations. 610 
Moreover, the demand for a simple and fully reliable system is not possible to ideally 611 
achieve as there is no single-score sound impact method that covers all aspects (see 612 
section 2.2). The score system is though chiefly based on the outcomes of the 613 
ecological footprint (EF) impact method given its adequacy (see section 2.2), yet, the 614 
outcomes of the carbon footprint (CF) are also kept in mind. The result is an 615 
ecological scoring system that assigns single scores to the meal components from 1 616 
to 8 primarily based on EF-values which are represented in Table 2 and Figure 1.  617 
 618 
Table 2. The values for the ecological scoring system 619 
Ecological footprint 
(m2*year) 
Ecological score 
0-0.25 1 
 
0.25-0.5 2 
 
0.5-1 3 
1-1.5 4 
 
1.5-2 5 
 
2-3 6 
 
3-4 7 
> 4 8 
 620 
 621 
The intervals are smaller for lower scores to allow the customer to make a difference 622 
but also because the absolute uncertainty range is most likely smaller for lower EF. A 623 
score of 8 is assigned if the EF> 4 m2*yr. The main reason for this is to cover the 624 
discrepancy between, on one hand, caught fish with a very high EF and relatively low 625 
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CF and, on the other hand, the (red) meat products with high CF due to non-CO2 626 
greenhouse gases not accounted for in the relatively low EF (see section 3.1.1). 627 
Mathematical approaches exist to cluster outcomes into different classes or scores 628 
(Marvuglia et al., 2016), and can be used in other cases. However, in our case there 629 
are too much relevant non-numerical factors to apply such a mathematical approach. 630 
To obtain scores for full meals, these of the separate meals may be added (as 631 
presented for some in Figure 2). However, such a summed score should be 632 
approached with care due to the simplistic nature of the score system. For example a 633 
meal with a double as high score might not have an exactly double as high impact. 634 
Moreover, the scores are for meal components of a tripartite meal, consisting of (1) a 635 
meat fish or vegetarian; (2) a vegetable and (3) a starch component. Hence, for full 636 
meals such as spaghetti bolognaise they first need to be subdivided in these three 637 
different components, given a score for these and then these separate scores need 638 
to be added, for example: ‘Veg. spaghetti’: 8 = 2 (soy & cheese; EF=0.5 m2*yr) +4 639 
(vegetables; EF= 1.2 m2*yr) + 2 (pasta; EF= 0.4 m2*yr); ‘Spaghetti bolognaise’ 11 = 6 640 
(meat and cheese; EF= 2.5 m2*yr) +3 (vegetables; EF=0.9 m2*yr)+2 (pasta; EF=0.4 641 
m2*yr). Alternatively the average EF per category could be used as a scoring system 642 
(Figure 1). This would provide a more concrete and correct, especially when 643 
summing, approach. However, the decimal values seem to us much more complex to 644 
directly process by the customer than integer values. Finally, besides the specific 645 
outcomes of the week, additional guidelines were set up, based on these, to allow to 646 
relatively easily score other meal components (see SI section H). As this is a rough 647 
attribution of a score, a robust scoring system based on integer values, and not 648 
decimal values, seemed appropriate. Furthermore the customer should at best have 649 
the possibility to estimate the environmental score of the meal, to this end, he or she 650 
should be relatively easily able to aggregate the scores of the separate selected meal 651 
components. Using numbers allows to give an estimation for the score of the 652 
complete meal by summing them, this mental arithmetic is facilitated by only 653 
considering integer numbers from 1 to 8 instead of non-integer values. This all 654 
underscores the selection of integer values. As an example, these scoring system 655 
were applied to all other meals and meal components served during the academic 656 
year 2014-2015 (see SI section I). The numbers are eventually presented in colours, 657 
from green for 1 to red for 8, as a survey in the respective canteen showed that it is 658 
good to combine labelling numerical values with colours (Hoefkens et al., 2012). The 659 
customer will be presented with the ecological scores at the counter but exact scores 660 
and scale of the scoring system should be made available through online reports and 661 
flyers or leaflets on the tables, as advised by Spaargaren et al. (2013). 662 
 663 
3.2 Case study: Nutritional analysis and scoring  664 
 665 
In addition to the life cycle assessments and ecological scoring, a nutritional 666 
evaluation and scoring was performed as well, using the approach explained in 667 
section 2.1.2. Currently, there are no official nutritional criteria or limits to judge hot 668 
main meals in Belgium, but the guidelines for main meals from Notte-De Ruyter 669 
(1997) were developed by Ghent university for the local population and, therefore, 670 
regarded as representative for the canteen customers. For saturated fat and salt, 671 
national nutrition recommendations were used (Hoge Gezondheidsraad, 2009). 672 
Though other guidelines exist, these were selected because of their specificity for the 673 
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majority of the clientele: the local population. These published guidelines outline a 674 
certain energy content and specific amounts of macro nutrients (g) which are ideal for 675 
the average adult. In our study, these criteria were converted to specific amounts of 676 
macro nutrients (g) per unit of energy content (100 kcal) in order to obtain criteria 677 
which are independent of the meal size and of the average consumer’s personal 678 
daily energy requirement. For the energy amount, the daily energy amount of 679 
average male and female students with low activity is multiplied with 0.35, the share 680 
of energy to be provided by the main hot meal, to provide an optimal average range 681 
(Notte-De Ruyter, 1(1997). See Table 3. The seven respective macronutrients were 682 
also selected based on the fact that these should be mandatory declared towards 683 
consumers in Europe. See article 30 of the European regulation document EU 684 
1169/2011, which came into complete force from 13 December 2016 onwards. 685 
Finally, it is acknowledged that other factors, such as share in red meat and fibres, 686 
and micronutrients, e.g. vitamins and minerals, are also very relevant for human 687 
health, but these were not taken into account because they will not for sure be 688 
mentioned on food labels (EU 1169/2011) and due to lack of available data regarding 689 
these. 690 
Table 3. Nutritional criteria for the hot canteen meals (Hoge Gezondheidsraad, 2009; 691 
Notte-De Ruyter, 1997).  692 
Nutrients Meal criteria meal  meal 
1. Energy 7501 to 9502 kcal per meal  ≤ 750 kcal ≤ 950 kcal  
2. Protein ≤ 4.0 g per 100 kcal ≤ 30 g ≤ 38 g 
3. Fat ≤ 3.7 g per 100 kcal ≤ 35 g 
4. Saturated fat ≤ 1.1 g per 100 kcal ≤ 8 g ≤ 10 g 
5. Carbohydrates ≥ 12.6 g per 100 kcal ≥ 95 g ≥ 120 g 
6. Sugar ≤ 2.5 g per 100 kcal ≤ 19 g ≤ 24 g 
7. Salt (NaCl)3 ≤ 1.75 g per meal ≤ 1.75 g 
1Small meal size: 35 % of the daily energy requirement of the average female student with low activity 693 
(2150 kcal/day) = 750 kcal 694 
2Large meal size: 35 % of the daily energy requirement of the average male student with low activity 695 
(2713 kcal/day) = 950 kcal 696 
3Since salt is not an energy source for the body, this is not normalized per total energy content. 697 
The nutritional composition and information was provided by the supplier of the 698 
product. In some exceptional cases the information was not complete, and then the 699 
nutritional composition was estimated based on the ingredient composition from the 700 
suppliers and the corresponding nutritional data from Internubel 701 
(http://www.internubel.be/). A study on the respective canteen revealed that in order 702 
to satisfy most customers’ information needs, a nutrition label that contains basic 703 
guideline daily amount-type of numerical information is advised (Hoefkens et al., 704 
2012). Our scoring system does not directly present such data but is based on it. The 705 
nutritional score system is more precisely based on equation 1 and Table 3, leading 706 
to a score range from 1 to 8. A meal with score 8 failed on all criteria, while a meal 707 
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with score 1 meets all criteria for the investigated nutritional parameters. The 708 
nutritional parameters were calculated for each complete meal in the selected week, 709 
i.e. all possible combinations the consumer could make with all offered meal 710 
components. Some are presented in Figure 2.  711 
Concerning the results, it is striking that no meal combination existed in the whole 712 
week with a perfect nutritional score, i.e. a score of 1. Meals with highest scores 713 
contained mostly lot of vegetables and were vegetarian or fish dishes with rice or 714 
cooked potatoes. Though meals with meat and fries have on average a lower score, 715 
they can be part of high-scoring meals as well, e.g. chicken with fries and tajine 716 
vegetables was the best choice on one day with a score of 3 (Table S15). An 717 
analysis was also performed of all meal components of the year 2014-2015. Latter 718 
analysis excludes though energy, saturated fat and sugar content as criteria, leading 719 
to a score system from 1 to 5, because of data limitation. After new regulation (EU 720 
1169/2011) has induced bringing more detailed information to the canteens and 721 
consumers, it is recommended to though include latter macronutrients into all future 722 
evaluations. This information will thus in the future be demanded of suppliers.  723 
The hot main meals often provided an appropriate amount of energy but the relative 724 
amount of nutrients was not optimal: they contained on average too much protein, 725 
too much fat, too much salt and too little carbohydrates. Especially the issue of 726 
excessive salt content is wide-spread in all the canteen meals. Due to its high salt 727 
content, addition of soup always led to non-fulfilment of the respective criterion. 728 
Interestingly, our results are very similar to those from a prior study in 2004 of the 729 
same canteen, only focused on fat, salt and vegetable content (Lachat et al., 2009). 730 
For a thorough elaboration, see SI section L and the report of Ceuppens et al. 731 
(2016). 732 
 733 
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 734 
Figure 2. Summed ecological scores, based on the ecological footprint (EF), and 735 
nutritional score (between 1 and 8) for the three best and three worst combinations 736 
concerning the EF, this for the studied week of the Ghent University canteen. Lower 737 
scores are better.  738 
 739 
 740 
3.3 Case study: scoring of supplier sustainability 741 
 742 
As mentioned in the introduction, the ecological scoring system is not specific for the 743 
particular suppliers’ production chains of the meal components but based on generic 744 
supply chains and does also not address certain other sustainability aspects. 745 
Therefore, a scoring system of the specific sustainability aspects of suppliers was 746 
developed, called ‘supplier scoring’. In the past, a scoring system for fish products 747 
was already implemented and is outlined in SI section J. A first version of our 748 
supplier scoring system was presented towards a group of stakeholders (18 in total), 749 
of which about 80% actual suppliers for the Ghent University canteen itself, and 750 
discussed with them to obtain a scoring system, set in dialogue with the suppliers. 751 
Since it is the canteen that selects the meal components and then picks a supplier for 752 
it, not the overall impact but only supplier-specific aspects that are considerably 753 
changeable by them and for which enough information is available, are considered. 754 
Likewise, nutritional scores are not included. Additional adequate food safety and 755 
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nutritional labelling is still required. Moreover, overall nutritional requirements, e.g. 756 
salt quantity lower than a certain amount, can be implemented but are regarded as 757 
prerequisites.  758 
In the scoring system, scores are appointed for specific sustainability criteria and 759 
summed. These indicators are at present a new matter for suppliers to take into 760 
account when filling out public tenders to deliver meal components to the university 761 
canteen. Many of these suppliers are small & medium enterprises, not having access 762 
or having available numerical data, and consequently criteria are often defined in a 763 
semi-quantitative or qualitative manner with potential for the supplier to shortly 764 
elaborate on how he complies with the criterion and provide documentation. This 765 
does imply some subjectivity in the scoring of the supplier sustainability status but 766 
may in due time help to further build the system with information collected in the 767 
start-up phase. This particular scoring system is also implementable in the selection 768 
system for suppliers, next to the current selection criteria such as cost price and 769 
assessment of supplied meal components’ sensorial quality. These supplier scores 770 
are not intended to be presented to the customer (see Table 1). The selected 771 
indicators and scores for these are shown in Table 4. 772 
  773 
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Table 4. Supplier sustainability scoring for the Ghent university canteen, developed in dialogue with suppliers, encompassing indicators and score criteria 
 
4 points 3 points 2 points 1 point 0 points 
Origin of fruits and vegetables (if representing the 
major part of a meal component) taking into account 
that the sourcing location is not only a matter of 
environmental impact of transport distance but it also 
may affect social sustainability (Pelletier, 2015) 
 
within 80 km radius if further than 80 km but 
from neighbouring 
countries 
from other EU-
countries 
outside EU but 
with fair trade 
label 
 
not any of the 
above cases or 
unknown 
Way of production for seasonal fruits and 
vegetables (if representing a major part of a meal 
component). The present study highlighted the impact 
of greenhouse production and Jungbluth et al. (2015) 
showcased that for their studied vegetables deep-
frozen ones produced in open field have a lower 
carbon footprint than produced in greenhouses using 
fossil heating 
open field production 
with extra efforts to 
lower environmental 
score 
 
/ open field production in 
greenhouses 
with 
environmentally 
friendly energy 
source for 
heating 
none of the above 
or unknown 
Water usage by the supplier (for amounts, ony 
>10% difference in m3 water per kg product output 
compared to other suppliers will be considered) 
prevention of water 
usage 
reuse of water usage of alternative 
sources of water (e.g. 
grey water) 
/ 
 
business as usual; 
no plans 
Energy usage by supplier (for amounts, only >10% 
difference of Joules energy kg product output 
compared to other suppliers will be considered) 
 
prevention of energy 
usage 
own (more sustainable) 
energy production or 
collaboration with 
neighboring companies 
to do so 
purchase of 
sustainable energy 
/ business as usual; 
no plans 
Solid waste disposal by the supplier (for amounts, 
only >10% difference per kg product compared to 
other suppliers will be considered) 
prevention of 
generating solid waste 
(partial) reuse of solid 
waste 
disposal of solid 
waste in an env-
ironmentally friendly 
manner (e.g. burning 
with exhaust gas 
purification) 
/ no waste 
management or 
disposal in non-
environmentally 
friendly manner 
(e.g. dumping) 
(intention for) corporate sustainability initiatives or 
implementation of environmental management 
schemes 
life cycle assessment 
and management 
initiatives in compliance 
to defined standards 
(e.g. ISO 26000, UN 
Global compact, CO2 
performance ladder, 
Global Reporting 
Initiative) 
own initiative with 
reporting and with 
external support of 
the relevant industry 
association or 
consultant (i.e. under 
the four eyes 
principle) 
own initiative 
with reporting 
business as usual; 
no plans 
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3.4 Other non-scored sustainability aspects 774 
 775 
Some other aspects (sustainability labels, organic farming, Genetically Modified 776 
Organisms (GMO), animal welfare and bioplastic packaging) are of relevance and 777 
were raised by the stakeholders, but cannot be in general directly included in the 778 
scoring systems as they are case dependent or further research is still needed. No 779 
general (dis)favoring of these aspects is advised. These are shortly documented with 780 
reference to a specialist in the university’s report (Uyttendaele et al., 2016b). Here, 781 
they are briefly discussed. Nevertheless, to present stakeholders with the statement 782 
that no general conclusions can be made is also presenting them with information. 783 
Sustainability labels, among which environmental labels, are used to highlight 784 
(presumed) more sustainable production practices. Goossens et al. (2017) highlight 785 
the limitations regarding transparency and full coverage of environmental 786 
sustainability in eco-labels, this specifically for fresh products in Flanders, the region 787 
in which Ghent University is situated. A diversity of labels exist and not all need 788 
independent third-party certification, making their credibility sometimes questionable. 789 
An issue is that auditing and membership cost money and time and that producers 790 
because of those reasons may not apply for such certification or labelling (Bush et 791 
al., 2013). Hence, it can be that non-certified products meet all the criteria or even 792 
have for some impact categories a lower environmental impact, as exemplified by 793 
Nhu et al. (2016). In addition, these labels differ considerably and some of their 794 
criteria can be questioned. Consequently each label needs to be separately judged. 795 
In our particular case, besides the Fair trade label (see above section), some 796 
sustainable fish-labels (e.g. ASC and MSC) were already deemed relevant by the 797 
university and this information was yet accounted for in the supplier selection, as has 798 
already been done in the past, and brought forward to the customer. Moreover, 799 
labels cover aspects which are not included in LCA, e.g. the MSC-label directly 800 
accounts for social sustainability and the effect on fish stocks, though the latter is 801 
charted to be addressed in LCA (Vázquez-Rowe and Benetto, 2014).  802 
Concerning organic farming, a main aspect of it is a restriction in usage of chemical 803 
substances. The fact that this type of farming is more sustainable can be debated 804 
and is case dependent. For example while using less synthetic fungicides is more 805 
environmentally friendly, the use of copper-based alternatives to deal with late blight 806 
for organic potato cultivation is also harmful (Meier et al., 2015; Saling et al., 2012). 807 
Even though studies show that the impact per area farmed are usually less in organic 808 
systems, related to the quantity produced, impacts are often higher (Meier et al., 809 
2015). This would be mainly due to a lower yield (Meier et al., 2015), which induces a 810 
larger demand of land, a larger EF, and thus among else an associated prevention in 811 
natural plant growth and prevalence of biodiversity. To the contrary, Antonini and 812 
Argilés-Bosch (2017) report a negative correlation between increasing farm 813 
intensification and economic and environmental sustainability. Further research is 814 
needed to improve the comparison (Meier et al., 2015). For example the crucial 815 
characterization of fungicides and other similar products on soil quality, going beyond 816 
first-order toxicity, in LCA does, to the best of our knowledge, not exist yet (Garrigues 817 
et al., 2012). Moreover, models that simulate soil emissions are also not that well 818 
adapted for organic fertilizers (Meier et al., 2015). Further research is needed to 819 
improve soil modelling and its applicability in LCA (Vidal Legaz et al., 2017). From a 820 
nutritional and toxicological point of view, a difference is also questionable, e.g. 821 
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organic vegetables and potatoes in general might not be significantly better than the 822 
conventional ones (Hoefkens et al., 2009a), even though it is often perceived 823 
otherwise (Hoefkens et al., 2009b; Olson, 2017). Similarly free range husbandry may 824 
increase animal welfare but can decrease areal productivity. Moreover, the 825 
sustainability of animal welfare is not enough assessed within larger sustainability 826 
assessment studies to present a fair comparison.  827 
GMO products are another debated topic. According to Carpenter et al. (2010), GMO 828 
crops had a positive impact on biodiversity and sustainability over the period 1995-829 
2010 by improving yields, lowering insecticide usage etc. Regarding food safety, no 830 
substantiated evidence that foods from GMO crops were less safe than foods from 831 
non-GMO crops has been found, as mentioned in a recent elaborate report (National 832 
Academies of Sciences, Engineering, and Medicine, 2016). Nevertheless, as genetic 833 
modification can be done for various reasons, it is also too case dependent to make 834 
any general statement on the sustainability of GMO. Regarding the usage of 835 
bioplastics in packaging, the fact that biological resources are used instead of fossil-836 
based is not estimated to always lead to more environmentally friendly packaging, as 837 
exemplified by Alvarenga et al. (2013a), and is consequently also case dependent. 838 
The fact that plastics are biodegradable though seems a good feature in itself, at first 839 
sight. In the future, if adequate scientific information becomes available for specific 840 
cases, these sustainability aspects could be scored, potentially using expert 841 
judgement, but this seems not yet the case. 842 
 843 
3.5. A path forward 844 
The canteen management has a central role in using the information, outcomes and 845 
framework in their daily practice and policy. Specific guidelines are discussed in 846 
supporting information (SI) section M. The supplier scoring system, only brought 847 
forward to canteen and suppliers, supports the canteen in the selection of their 848 
suppliers by the potential to include apart from cost price and sensorial quality, also 849 
sustainability criteria in the tenders. Spaargaren et al. (2013) showcase that 850 
customers do not like to have to digest too much information prior to the register and 851 
that a more elaborate explanation afterwards seems more suited. Hence, it is here 852 
proposed to only mention the ecological scores for all meal components at the 853 
selection counter. The ecological scores can be shown, this through showing the 854 
numbers with a colour scaling. A colour scaling from green (best) to red (worst) score 855 
seems advised (Hoefkens et al., 2012) to point out that higher values are worse. The 856 
three best and worst nutritional scores of possible meals can be posted on a poster, 857 
also at the selection counter, and a flyer or leaflet with more explanation on the 858 
canteen tables to provide needed background information. This is in line with advise 859 
from literature, especially the advice to not present too much information prior to the 860 
register (Pulkkinen et al., 2015; Spaargaren et al., 2013). Background reports would 861 
then be available online, with all the results for all meals and meal components. An 862 
app could also be developed as discussed by Price et al. (2017). Through an app, 863 
nutritional scores could also be presented that are more specific and based on user 864 
input such as gender, weight etc. 865 
The search for environmentally friendly and healthy meals, is a difficult one. This 866 
study is one of the few that focuses on canteen meals and not just diets (Pulkkinen et 867 
al. 2015; Benvenuti et al. 2016; Spaargaren et al. 2013; Jungbluth et al. 2015; Ribal 868 
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et al. 2015). Its prominent aspects are: (1) more thorough selection of environmental 869 
impact methods for food products, (2) improved comparison of aquaculture and 870 
fishery products through characterisation of the ecological footprint of caught fish, (3) 871 
application to a manifold of meals and (4) a novel pragmatic framework usable by 872 
canteens that encompasses ecological scoring, nutritional scoring, supplier scoring 873 
and discussion of other aspects not covered by the latter scoring approaches. 874 
Caputo et al. (2017) also present an interesting framework for catering but do not 875 
present latter improvements, except the third one, and their selection of their 876 
respective three indicators is quite limited, though they more explicitly cover 877 
economic costs and the linkage between local production and consumption at a 878 
regional level.  879 
As a prominent finding, Figure 2 reveals that meals that have a low ecological score 880 
do not necessarily have a high nutritional score, and vice versa. Especially caught 881 
fish is a difficult case since it has a relatively high environmental impact but dishes 882 
with these were among the most nutritionally adequate in our study (table S15). 883 
However, for cultivated fish environmental impact is considerably lower. Every casus 884 
should be regarded separately, and one should look beyond the product itself and 885 
consider its life cycle (Pelletier, 2015). General considerations that environmental 886 
impact is the inverse of its nutritional value (Nemecek et al., 2016; Tilman and Clark, 887 
2014), are not always valid. Nevertheless, for every day of the meal servings of the 888 
studied week in the university’s canteen, a meal with a reasonably good ecological 889 
score (≤ 8) and good nutritional score (≤ 6) is available which could be regarded as 890 
the ‘best choice’. Keep in mind that the ecological score for a meal is considered the 891 
sum of three scores between 1 and 8, namely that of a (1) meat vegetarian or fish, 892 
(2) vegetable and (3) starch component (see section 3.1.2). Uncertainty analysis was 893 
not conducted, since this is not executable by the canteen itself as uncertainty values 894 
are not consistently presented on the technical notes of the meals and it seems not 895 
presentable to the customer due to its complexity. Specifically for LCA, this should 896 
ideally be done pairwise when comparing products to eliminate correlation 897 
(Henriksson et al., 2015; Nhu et al., 2016). This seems though infeasible in this case 898 
given the amount of possible combinations. Our approach could be applied to other 899 
canteens and even to other restaurants and retailers (see section 2). The case study 900 
can be used as a template but case specific aspects that should be possibly adapted 901 
for other applications are: (1) the ecological scoring system, i.e. the complexity and 902 
selection of intervals; (2) dietary guidelines on which to base the nutritional score and 903 
(3) the supplier sustainability scoring system, which is best checked regarding 904 
feasibility by suppliers. Canteens can in fact differ considerably in their meal service. 905 
For example some allow one to freely choose portion sizes and base pricing on 906 
weight, implying an environmental scoring per weight is more suited than per portion. 907 
Another example is the provision of full meals instead of meal components, for which 908 
it would be not needed to present the current lower ecological scores. Yet, the same 909 
strategies can be applied and our scoring systems provide a basis from which to 910 
start.  911 
Our framework is, on the one hand, to a certain extent scientific novel and robust but, 912 
on the other hand, limitations are present and also arbitrary choices and assumptions 913 
have been made in its development, which is inevitable in any sustainability 914 
assessment. These choices and assumptions have though been avoided as much as 915 
possible and, if not avoidable, are though clearly brought forward and argued, even 916 
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though inevitably partially subjective. Various needed to be made to obtain a 917 
pragmatic framework that is comprehensible, user friendly, applicable to a large 918 
range of meals and not too costly and time-intensive for the canteen and its 919 
stakeholders, in our opinion. The next step is to apply this framework in the 920 
respective canteen and research how it is received by the audience, adapt if 921 
necessary and assess whether customers change their behaviour. Methods can in 922 
the future be improved if more data becomes available and scientific advancements 923 
have been achieved. Ideally, though not here the case, a single analysis and scoring 924 
system should have been developed that covers all aspects mentioned in the 925 
introduction, from specific supplier sustainability to consumer health benefit, and can 926 
be brought forward to all stakeholders (Schaubroeck and Rugani, 2017). However, 927 
due to practical limitations, aspects needed to be covered separately. An ideal single 928 
sustainability scoring system that is specific for the meal components and their 929 
particular supply chains is not yet feasible on a large scale. A first requirement is 930 
easy provision of inventory data, i.e. transparency of the life cycle. Life cycle data on 931 
food products is getting more available though it is still an obstacle (Nemecek et al., 932 
2016). There is a need for a system and policy to relatively easily collect and transfer 933 
such data on a need-to-know basis, and this not only for food systems. Regarding 934 
the characterization of the environmental impact of food products, in this paper the 935 
ecological footprint (EF) method is discussed to be the most appropriate, especially 936 
including the introduced adaptation to cover the EF of caught fish or animals in 937 
general. However, this method is flawed and does especially not cover two relevant 938 
aspects of food production impact: water consumption and other greenhouse gases 939 
besides carbon dioxide. Some improvements are presented and tested in section K 940 
of the SI. Nonetheless, such a method does not consider or would not relatively 941 
easily consider nutritional benefits of food products, i.e. integrating nutritional and 942 
ecological scoring. There are some statistical approaches that base this integration 943 
on the correlation among nutrition and environmental impact (van Dooren et al., 944 
2017). These can be questioned since such a correlation is not always valid for each 945 
food product (van Dooren et al., 2017), as also mentioned above. As discussed in 946 
literature (Heller et al., 2013; Sturtewagen et al., 2016) and applied by Stylianou et al. 947 
(2015), both the benefit through nutrition and damage to human health because of 948 
the production system can be considered, resulting in the net impact on human 949 
health. In practice impact on human health can be expressed as disability adjusted 950 
life years (DALY), using e.g. the ReCiPe method, and the nutritional benefit as 951 
negative DALY amounts (Sturtewagen et al., 2016; Stylianou et al., 2015). However, 952 
it can be debated whether the approach of Stylianou et al. (2015) considers the 953 
benefit of food as such, for example the provision of exergy for the body as studied 954 
by Rodriguez-Illera et al. (2017), since their framework considers only 955 
epidemiological effects that would occur when selecting another food product. 956 
Additionally, impact on human health does not cover all environmental impact. DALY 957 
was quantified, using ReCiPe, in our study and correlated well with other methods 958 
(see SI section F), but there is no direct link between the impact of land occupation 959 
and human health, besides also not covering the impact of fish harvest. Though this 960 
could be addressed using the approach of Pfister et al. (2014) which introduces an 961 
interesting approach to link human health loss in DALY due to land occupation. Latter 962 
approach is though not fully operational yet; not enough characterization factors, 963 
linked with inventory databases, have been defined. LCA is in general a limited 964 
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methodology, that’s why it needs to be complemented, as done in our work, with 965 
other approaches for policy support (Castellani et al., 2017), with a lot of choices that 966 
have a high influence on the outcome, necessitating further improvement to result in 967 
a holistic sustainability tool (Notarnicola et al., 2017a; Schaubroeck and Rugani, 968 
2017). It is also relevant to consider consequential effects, but this is especially 969 
relevant for dietary changes at large scale (Aleksandrowicz et al., 2016; Schader et 970 
al., 2015). Other sustainability aspects, such as enjoy of eating and cost, should not 971 
be overlooked (Price et al., 2016) and future frameworks should address these all. 972 
Further research is thus needed and the authors hope to have somewhat cleared the 973 
mist surrounding the path forward. 974 
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Highlights 
 
• Ecological footprint was assessed for caught fish and 2-15 times that of cultivated 
• A framework of indicators is provided to inform canteen stakeholders 
• The ecological score per meal component, from 1 to 8, based on the EF 
• Caught fish scored higher for the ecological, while meat for the carbon footprint 
• The nutritional score per meal, from 1 to 8, based on meeting nutritional criteria 
